


















$[$ 1, 12 $]$ . , ,
.
, , $[$5, 7, 17, 21 $]$ .
2.
, Browder . ,
Browder .
1. Banach $E$ $C$ $T$
(nonexpansive mapping) ,
$\Vert Tx-Ty\Vert\leq\Vert x-y\Vert$
$x,$ $y\in C$ .
2 $($Browder $[$3 $])$ . $C$ Hilbert $E$ , $T$ $C$
. Fix $(T)$ $T$ , $P$ $C$ Fix$(T)$
. $\{\alpha_{n}\}\subset(0,1)$ $0$ . $u\in C$
, $\{x_{n}\}\subset C$
(1) $x_{n}=\alpha_{n}u+(1-\alpha_{n})Tx_{n}$
. , $\{x_{n}\}$ $Pu$ .
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$\{x_{n}\}$ (implicit) . ,
(1) , $x_{n}$ . $x_{n}$ , Banach
[2] . , $C$ $S_{n}$
$S_{n}x=\alpha_{n}u+(1-\alpha_{n})Tx$
,
$\Vert S_{n}x-S_{n}y\Vert\leq(1-\alpha_{n})\Vert Tx-Ty\Vert\leq(1-\alpha_{n})\Vert x-y\Vert$
, $S_{n}$ . $S_{n}$ ,
$x_{n}$ . , $\{x_{n}\}$ (explicit) .
, [4, 16] .
Shioji &Takahashi Browder
. . , 4 [9]
8 . , ,
[11, 15, 20] .
3. $\{T(t):t\geq 0\}$ $C$ . 3
, $\{T(t) :t\geq 0\}$ $C$ (nonexpansive semigroup)
.
(NSl) $t\geq 0$ , $T(t)$
(NS2) $s,$ $t\geq 0$ , $T(s+\cdot t)=T(s)\circ T(t)$
(NS3) $x\in C$ , $[0, \infty)$ $C$ $t\mapsto T(t)x$
4 (Shioji &Takahashi [9]). $C$ Hilbert $E$ ,
$\{T(t):t\geq 0\}$ $C$ . $P$ $C$ $\bigcap_{t\geq 0}$ Fix$(T(t))$
. $\{\alpha_{n}\}\subset(0,1)$ $\{t_{n}\}\subset(0, \infty)$ $\lim_{n}\alpha_{n}=0$ $\lim_{n}t_{n}=\infty$
. $u\in C$ , $\{x_{n}\}\subset C$
(2) $x_{n}= \alpha_{n}u+(1-\alpha_{n})\frac{1}{t_{n}}\int_{0}^{t_{n}}T(s)x_{n}ds$
. , $\{x_{n}\}$ $Pu$ .




, (1) . ,
$t_{n}arrow\infty$ .
5 ([10]). $E,$ $C,$ $\{T(t):t\geq 0\},$ $P$ 4 . $\{\alpha_{n}\}\subset(0,1)$
$\{t_{n}\}\subset(0, \infty)$ $\lim_{n}t_{n}=\lim_{n}\alpha_{n}/t_{n}=0$ . $u\in C$
, $\{x_{n}\}\subset C$
(3) $x_{n}=\alpha_{n}u+(1-\alpha_{n})T(t_{n})x_{n}$
. , $\{x_{n}\}$ $Pu$ .
, (3)
$x_{n}=\alpha_{n}u+(1-\alpha_{n})(t_{n}Tx_{n}+(1-t_{n})x_{n})$
, (1) . , tn $arrow$ 0 tn $arrow$ 1–0
, (1) .
3.
, (3) $\{x_{n}\}$ $Pu$
. 2007 .
6([12]). $\{\alpha_{n}\}$ $\{t_{n}\}$ .
(Bl) $0<\alpha_{n}<1,0<t_{n}(\forall n\in N)$
(B2) $\lim_{n}t_{n}=\tau$
(B3) $t_{n}\neq\tau(\forall n\in N),$ $\lim_{n}\alpha_{n}/(t_{n}-\tau)=0$




$\bullet$ $E$ Opial , duality mapping
$\{T(t):t\geq 0\}$ $C$ . $P$ $C$ $\bigcap_{t\geq 0}$ Fix$(T(t))$
( ) sunny nonexpansive retraction . $\tau$ . $u\in C$
, $\{x_{n}\}\subset C$ (3) . , $\{x_{n}\}$ $Pu$
.
5 . $E$
, $\{\alpha_{n}\},$ $\{t_{n}\}$ . ,
59
$\lceil_{t_{n}}arrow 1-0J$ . , Browder
( 2)
. , , $[$ 13 $]$ ,
. , $[$6, 19$]$ , 5 .
6 . , $2007$
, 2007 . 19
, 2004 2 .
6 , $E$
, $\{\alpha_{n}\},$ $\{t_{n}\}$
. $\{x_{n}\}$ , $\{t_{n}\}$
. , [14] , $\{$Fix$(T(t_{n}))\}$ $\bigcap_{t\geq 0}$ Fix$(T(t))$ Mosco
, $\{t_{n}\}$ .
, .
7 ([1]). $\{\alpha_{n}\}$ $\{t_{n}\}$ .
(Cl) $0<\alpha_{n}<1,0\leq t_{n}(\forall n\in \mathbb{N})$
(C2) $\{t_{n}\}$
(C3) $\lim_{n}\alpha_{n}/(t_{n}-\tau)=0(\forall\tau\in[0, \infty))$ , $1/0=\infty$
$E,$ $C,$ $\{T(t):t\geq 0\},$ $P,$ $u,$ $\{x_{n}\}$ 6 . , $\{x_{n}\}$
$Pu$ .
. $\{f(n)\}$ $\{n\}$ . (C2) $\{t_{f(n)}\}$
. , $\{f(n)\}$ $\{f\circ g(n)\}$ $\tau$ . (C3)
$\lim_{narrow\infty}\frac{\alpha_{f\circ g(n)}}{t_{f\circ g(n)}-\tau}=0$




6 7 . (Bl) (Cl) . $(B1)-(B3)$
, $n\in N$ $t_{n}\neq 0$ . , (Bl)
, (Cl) . , (Cl)
$\{x_{n}\}$ (3) . , $0<\alpha_{n}<1$
$0<\alpha_{n}\leq 1$ , $\alpha_{n}arrow 0$ ,
.
60
(B2), (B3) (C2), (C3) . $1/0=\infty$ ,
(B3) $t_{n}\neq\tau$ . ,
(C2) (B2) , (C3) (B3) . ,
(B2) , (B3) (C3) . , (C2)
(C3) (B2) (B3) .
, 7 6 . ,
6 . , 7 6 .
, (C2) (C3) (best possible) .
, 7 .
$E$ Hilbert , 7 .
8. $\{\alpha_{n}\}$ $\{t_{n}\}$ (Cl)$-(C3)$ . $E,$ $C,$ $\{T(t):t\geq 0\}$ ,
$P$ 4 . $u\in C$ , $\{x_{n}\}\subset C$ (3) .
, $\{x_{n}\}$ $Pu$ .
4.
[1] , (C2) (C3) , (3)
$\{x_{n}\}$ $Pu$ . , (C2)
(C3) . ( 3 ) ,
, .
.
9 ([1]). $E$ 2 Hilbert . $\{\alpha_{n}\}$
$\{t_{n}\}$ (Cl) . .
(i) (C2) (C3)
(ii) $E$ $C$ , $C$ $\{T(t):t\geq 0\}$ ,





$\bullet$ $\pi mod 1=\pi-3=0.1415926535\cdots$
$\bullet$ $emod 1=e-2=0.7182818284\cdots$
$\bullet$ $emod \pi=e=2.7182818284\cdots$
$\bullet$ $\pi mod e=\pi-e=0.42331082513\cdots$
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. , $t_{n}$ , $\tau$
, $t_{n}mod \tau$ .
. $\{\epsilon_{n}\}$ $\{\tau_{n}\}$ $\{n\}$
$\{f(n)\}$ 3 .
$\bullet 0<\epsilon_{n}<1,1+\epsilon_{n}<\tau_{n}$
$\bullet$ $\tau\in[\tau_{n}-\epsilon_{n}, \tau_{n}]$ , $\alpha_{f(n)}/(t_{f(n)}mod \tau)\geq n$
$\bullet[\tau_{n}-\epsilon_{n}, \tau_{n}]\supset[\tau_{n+1}-\epsilon_{n+1}, \tau_{n+1}]$
Cantor , $\bigcap_{n=1}^{\infty}[\tau_{n}-\epsilon_{n}, \tau_{n}]\neq\emptyset$ . $\tau$ ,
$\lim_{narrow}\sup_{\infty}\frac{\alpha_{n}}{t_{n}mod \tau}\geq\lim_{narrow}\sup_{\infty}\frac{\alpha_{f(n)}}{t_{f(n)}mod \tau}\geq 1i\iota nnnarrow\infty=\infty$
.
5.
(C2) (C3) $x_{n}arrow Pu$ .
(C2) , (C3) . , (C3)
, . $\{\alpha_{n}\},$ $\{t_{n}\}$
, (Cl)$-(C3)$
.
11. $\{\alpha_{n}\}\in(0,1)$ , .
(i) (Cl)$-(C3)$ $\{t_{n}\}$
(ii) $\lim_{n}\alpha_{n}=0$
. $\lim_{n}\alpha_{n}=0$ , $t_{n}=\sqrt{\alpha_{n}}$ , (Cl)$-(C3)$ . ,
$\lim_{n}\alpha_{n}=0$ , (C3) , $\{t_{n}\}$
. , (C2) (C3) $\{t_{n}\}$ .
$A$ (perfect kernel) l
$A^{p}=\cup\{B\subset A:B\subset B^{d}\}$
. $B^{d}$ $B$ (derived set) . $A^{p}=\emptyset$
, $A$ scattered . [8, 18] .
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$\alpha$ . $\alpha$ $\alpha^{+},$ $\alpha$ $\alpha^{-}$ .
, $\alpha$ isolated , $\alpha^{-}$ . $\alpha^{-}$
, $\alpha$ limit .
12 ([1]). $\{t_{n}\}\in[0, \infty)$ , $A$ $A=\{t_{n}:n\in N\}$
. , .
(i) (Cl), (C3) $\{\alpha_{n}\}$
(ii) $A$ scattered , $\tau\in \mathbb{R}$ , $\#\{n :t_{n}=\tau\}<$
$\infty$ .
. , (i) $\Rightarrow$ (ii) . $\#\{n: t_{n}=\tau\}<\infty$ . $A$
scattered . $t_{f(1)}\in A^{p}$ $f(1)\in \mathbb{N}$ ,
$B_{1}=(t_{f(1)}-\alpha_{f(1)}, t_{f(1)}+\alpha_{f(1)})$
. $t_{f(1)}\in(A^{p})^{d}$ , $\#(A^{p}\cap B_{1})=\infty$ . , $f(2)>f(1)$
$t_{f(2)}\in A^{p}\cap B1$ $f(2)\in N$ ,
$B_{2}=B_{1}\cap(t_{f(2)}-\alpha_{f(2)}, t_{f(2)}+\alpha_{f(2)})$
. , $f(3)>f(2)$ $t_{f(3)}\in A^{p}\cap B_{2}$ $f(3)\in \mathbb{N}$ ,
$B_{3}=B_{2}\cap(t_{f(3)}-\alpha_{f(3)}, t_{f(3)}+\alpha_{f(3)})$
. , $\{n\}$ $\{f(n)\}$
$\{B_{n}\}$ .
$\bullet B_{n}\supset B_{n+1}(\forall n\in \mathbb{N})$
$\bullet B_{n}\subset[t_{f(n)}-\alpha_{f(n)}, t_{f(n)}+\alpha_{f(n)}](\forall n\in N)$
$\{[t_{f(n)}-\alpha_{f(n)}, t_{f(n)}+\alpha_{f(n)}]\}$ , .
$\tau$ ,
$\lim_{narrow}\sup_{\infty}\frac{\alpha_{n}}{|t_{n}-\tau|}\geq\lim_{narrow}\sup_{\infty}\frac{\alpha_{f(n)}}{|t_{f(n)}-\tau|}\geq 1$
, . , $A$ scattered .
(ii) $\Rightarrow(i)$ . $\#\gamma=\#\mathbb{R}$ $\gamma$ , $D=\{\alpha:\alpha\leq\gamma\}$
. $A$ $\{A_{\alpha}\}_{\alpha\in D}$ .
$A_{\alpha}=\{\begin{array}{ll}A if \alpha=0A_{\alpha^{-}}\cap(A_{\alpha^{-}}^{d}) if \alpha is isolated\cap\{A_{\beta} : \beta<\alpha\} if \alpha is limit\end{array}$
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$A$ scattered , $A_{\gamma}=\emptyset$ . $N$ $D$
$\kappa$ .
$t_{n}\in A_{\kappa(n)}$ , $t_{n}\not\in A_{\kappa(n)^{+}}$ .
$N$ $(0, \infty]$ $\delta$
$\delta(n)=\inf\{|t_{n}-s|$ : $s\in A_{\kappa(n)}\backslash \{t_{n}\}\}$
. , $inf\emptyset=\infty$ . $t_{n}\not\in A_{\kappa(n)}+$ , $\delta(n)>0$ .
$\{\alpha_{n}\}$
$0<\alpha_{n}<1$ , $\alpha_{n}<\delta(n)/n$ , $\alpha_{n+1}<\alpha_{n}$
. $\tau\in[0, \infty)$ $\epsilon>0$ , $2/\nu<\epsilon$ $\nu\in N$
. ,






. $6>0$ , $1iin_{n}\alpha_{n}/|t_{n}-\tau|=0$ .
6.
(3) $\{x_{n}\}$ $Pu$ .
, . ,
Browder .
[1, 12] . [12] , [1]
. ,
. $\theta$ , $t_{n}=n\theta mod 1$ . , (Cl) (C3)
$\{\alpha_{n}\}$ .
$\alpha_{n}=\min\{t_{k}:k=1,2, \cdots, n\}/n$
, (C3) ... ,
. , . ,
, . ( , $\{t_{n}\}$
$A$ , $A^{p}=A\neq\emptyset$ , scattered )
, .
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